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(54) Bonded structural joints 

(57) A joint assembly 11 comprises a hollow extru- 
sion member 12 of an asymmetrical hexagonal section 
and a flange casting 1 3 comprising a base flange 31 and 
several webs including a top web 33 and upper side 
webs 34, 35 which have joint faces 33A, 34A, 35A pre- 
sented to corresponding joint areas on the outside of the 
extrusion 1 2 while a bottom web 36 and lower side webs 
37, 38 have joint faces 36A, 37A, 38A which are pre- 
sented to corresponding joint areas on the inside of the 
extrusion. To assemble the joint assembly 1 1 , an adhe- 
sive is applied to the joint faces 33A, 34A, 35A, 36A, 
37A, 38A. The extrusion 12 is then aligned with the 
flange casting 13 but offset vertically. The extrusion 12 
is then moved longitudinally towards the flange casting 
13 to the full extent permitted by abutment of an extru- 
sion end face 14 with steps 35B, 37B to bring the joint 
faces 33A, 34A, 35A, 36A, 37A, 38A into overlapping 
alignment with the corresponding joint areas on the ex- 
trusion 12, there being a substantial clearance (Fig. 3) 
due to the vertical offset so that the adhesive on the joint 
faces does not contact the joint areas on the extrusion 
at this stage. Then the extrusion 12 is moved trans- 
versely relative to the flange casting 13, i.e. upwards as 
seen, so that each joint face 33A, 34A, 35A, 36A, 37A, 
38A complete with the adhesive is brought into contact 
with its corresponding joint area on the extrusion 12. 
Holes are then drilled or pierced and blind rivets insert- 
ed, the self-tightening action of the rivets helping to en- 
sure full contact of the adhesive with the joint areas. The 
assembly of extrusion 12 and flange casting 13 is then 
placed in an oven to cure the adhesive. 
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Description 

[0001] This invention relates to bonded structural 
joints, particularly for adhesively joining two structural 
members, one being an elongate hollow section (e.g. a 
hollow metal extrusion) and the other having joint faces 
which overlie and are adhesively bonded to correspond- 
ing joint areas of the hollow section. 
[0002] Typically, when using an adhesive such as an 
epoxy resin, the adhesive is applied to a joint face of 
one or both members and these are brought together 
and fixed while the adhesive cures. However, when a 
hollow section is being joined, e.g. to an end flange, it 
is common to form the end flange with a complementary 
section such as a plug or a socket. The plug or socket 
has to be dimensional to fit the inside or the outside of 
the hollow section with a clearance which will be filled 
with adhesive. This clearance has to be small in order 
to give adequate bond strength in the cured adhesive 
but this gives a problem with assembling the joint be- 
cause the uncured adhesive tends to be wiped off the 
joint surface as the components are brought together. 
[0003] An object of the present invention is to provide 
joint assembly which avoids the above problem. 
[0004] According to one aspect of the invention there 
is provided a joint assembly for adhesively joining two 
structural members, the first structural member being in 
the form of an elongate hollow section and the second 
structural member having longitudinally extending webs 
presenting joint faces coated with an adhesive, the joint 
faces in use overlying and being adhesively bonded to 
corresponding joint areas of the first member, wherein 
at least one of the joint areas is on the outside of the 
hollow section and at least one other of the joint areas 
is on the inside of the hollow section, the webs being 
arranged so that before bonding the first structural mem- 
ber can be moved longitudinally relative to the second 
structural member to bring the joint areas and the joint 
faces into overlapping alignment with a substantial 
clearance therebetween and then moved transversely 
relative to the second structural member to bring the 
joint faces into adhesive contact with the joint areas. 
[0005] The invention also provides, according to an- 
other aspect, a method of making a joint assembly of 
two structural members, the first structural member be- 
ing in the form of an elongate hollow section and the 
second structural member having longitudinally extend- 
ing webs presenting joint faces which in use overlie and 
are adhesively bonded to corresponding joint areas of 
the first member, wherein at least one of the joint areas 
is on the outside of the hollow section and at least one 
other of the joint areas is on the inside of the hollow sec- 
tion, the method comprising the steps of applying an ad- 
hesive to the joint faces, moving the first structural mem- 
ber longitudinally relative to the second structural mem- 
ber to bring the joint areas and the joint faces into over- 
lapping alignment with a substantial clearance therebe- 
tween, then moving the first structural member trans- 


versely relative to the second structural member to bring 
the joint faces into adhesive contact with the joint areas. 
[0006] In accordance with either aspect of the inven- 
tion, there is preferably a first said web or arrangement 
5 of said webs having joint faces for bonding to the inside 
of the section and a second said web or arrangement of 
said webs having joint faces for bonding to the outside 
of the section.. Conveniently, the first web or arrange- 
ment of webs forms a saddle and the second web or 
10 arrangement of webs forms a trough. In such a case, 
the hollow section is preferably octagonal in cross-sec- 
tion, the saddle being formed by a bottom web and two 
inclined lower side webs and the trough being formed 
by a top web and two inclined upper side webs. A lateral 
15 web may extend between the upper ends of the two in- 
clined lower side webs so that the lateral web, the lower 
side webs and the bottom web form a box section. 
[0007] Preferably, the hollow section has a continu- 
ous end face extending substantially perpendicular to a 
20 longitudinal axis of said section, the end face abutting 
the second structural member. Conveniently, gaps are 
formed between the first said web or arrangement of 
said webs and the second said web or arrangement of 
said webs such that the hollow section extends into the 
25 gaps. 

[0008] The invention will now be described by way of 
example and with reference to the accompanying draw- 
ings, of which:- 

30 Fig. 1 is a perspective view of a hollow extruded 
member and an end flange member prior to forming 
a joint assembly according to the invention; 
Fig. 2 is a perspective view of the components 
shown in Fig.1 in an assembled condition; 
35 Fig. 3 is a cross section on the plane III - III in Fig.2 
with components in an intermediate position just pri- 
or to the assembled condition; 
Fig. 4 is a view based on Fig. 3 but showing the com- 
ponents in the assembled condition; 
40 Fig. 5 is a cross section on the line V - V in Fig. 3; 

Fig. 6 is a view based on Fig. 5 showing the compo- 
nents in the assembled condition; 
Fig. 7 is a perspective view showing the compo- 
nents incorporated in afrontsubframe assembly of 
45 a motor vehicle; 

Fig. 8 is a view on arrow A in Fig. 7 and also showing 
part of a vehicle body; 

Fig. 9 is a perspective view of the subframe assem- 
bly shown in Figs. 7 and 8 attached to a power train 
50 assembly and a rear subframe to form a power train 
and chassis module and a vehicle body aligned for 
assembly to the power train and chassis module; 
and 

Fig. 10 is a diagrammatic cross section based on 
55 Fig. 5 showing a different section of extruded mem- 
ber. 

[0009] Referring to Figs.1 to 6, a joint assembly 11 
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comprises a hollow extruded member 12 of an asym- 
metrical hexagonal section and a flange member 13. 
The extruded member 12, more conveniently referred 
to as the extrusion, is of constant section throughout and 
has a continuous end face 14 extending substantially 
perpendicular to its longitudinal axis. The section of the 
extrusion 12 can be considered to be formed of six wall 
portions; a top wall portion 21 , a bottom wall portion 22, 
upper side portions 23, 24 and lower side portions 25, 
26. The flange member 13 is formed as casting and is 
thus more conveniently referred to as the flange casting. 
It comprises a base flange 31 which extends perpendic- 
ularly to the extrusion 12 and is provided with attach- 
ment holes 32 and several webs which extend perpen- 
dicularly from the base flange 31 towards the extrusion 
1 2. Of these webs, a top web 33 and inclined upper side 
webs 34, 35 have joint faces 33A, 34A, 35A which are 
presented to corresponding joint areas on the outside 
of the top wall portion 21 and the upper side wall portions 
23, 24 of the extrusion 12 while a bottom web 36 and 
inclined lower side webs 37, 38 have joint faces 36A, 
37A, 38A which are presented to corresponding joint ar- 
eas on the inside of the bottom wall portion 22 and the 
lower side wall portions 25, 26 of the extrusion. Gaps 
are formed between the upper arrangement of webs 33, 
34, 35 and the lower arrangement of webs 36, 37 38 
such that the extrusion 1 2 can extend into the gaps dur- 
ing assembly as will be described later. 
[0010] Other webs on the flange casting 13 are pro- 
vided for strength and stiffening, notably a lateral web 
39 which extends between the upper ends of the lower 
side webs 37, 38 so that the lateral web 39, the lower 
side webs 37, 38 and the bottom web 36 form a box 
section. All of the webs are tapered, i.e. have draft an- 
gles as is consistent with good casting design. However, 
the joint faces 33A, 34A, 35A 36A, 37A, 38A extend par- 
allel to the corresponding joint areas of the extrusions, 
each joint face extending only partway towards the base 
flange 31 and forming a respective step 33B, 34B, 35B, 
36B, 37B, 38B where it adjoins the tapered part of the 
web 33, 34, 35, 36, 37, 38. 

[0011] To assemble the joint assembly 11, an adhe- 
sive is applied to the joint faces 33A, 34A, 35A, 36A, 
37A, 38A. The extrusion 12 is then aligned with the 
flange casting 13 but offset vertically as seen in Figs.1 , 
3 and 5 so that the flange casting 13 is higher than the 
extrusion. The extrusion 12 is then moved longitudinally 
towards the flange casting 1 3 to the full extent permitted 
by abutment of the extrusion end face 1 4 with the steps 
33B, 34B, 35B, 36B, 37B, 38B to bring the joint faces 
33A, 34A, 35A, 36A, 37A, 38A into overlapping align- 
ment with the corresponding joint areas on the extrusion 
1 2, there being a substantial dearance (Fig. 3) due to the 
vertical offset so that the adhesive on the joint faces 
does not contact the joint areas on the extrusion at this 
stage. Then the extrusion 12 is moved transversely rel- 
ative to the flange casting 13, i.e. upwards as seen in 
Figs.1 , 3 and 5, so that each joint face 33A, 34A, 35A, 


36A, 37A, 38A complete with the adhesive is brought 
into contact with its corresponding joint area on the ex- 
trusion 12. Holes are then drilled or pierced and blind 
rivets 41 , e.g. as sold under the trade mark MONOBOLT, 

5 are then inserted, the self-tightening action of the rivets 
helping to ensure full contact of the adhesive with the 
joint areas. The assembly of extrusion 12 and flange 
casting 13 is then placed in an oven to cure the adhe- 
sive. A suitable adhesive is Dow (trade mark) BETAMA- 

10 TE XD4600 (trade mark) while the extrusion 1 2 and the 
flange casting 13 may be anodised aluminium alloy. 
[0012] Figs. 7 to 9 show the assembled extrusion 12 
and flange casting 13 in use in a front subframe assem- 
bly 44 of a motor vehicle, the extrusion and casting being 

15 part of a first main longitudinal beam 45. At the other 
end of the extrusion 1 2 to the flange casting 1 3 there is 
a cast suspension tower 47 which is joined to the extru- 
sion in the same manner and at the same time as the 
flange casting 13. A second main longitudinal beam 46 

20 is a mirror image of the first beam 45. A pair of lower 
longitudinal beams 48, formed as castings, extend par- 
allel to the main longitudinal beams 45, 46 and are con- 
nected by a welded cross member 49. Each lower lon- 
gitudinal beam 45, 46 has a vertical rear flange 51 and 

25 agenerally horizontal front flange 52 where it is attached 
to a corresponding flange face at the lower end of each 
suspension tower 47. 

[001 3] Extending forward of the suspension towers 47 
are two intermediate longitudinal beams 53, each hav- 

30 ing a rear vertical flange for attachment to the corre- 
sponding suspension tower 47 and a front vertical flange 
attached to a main cross-member 54. Forward of the 
main cross member 54 and flange mounted to it are two 
front longitudinal beams or crush cans 55 to which is 

35 attached a front cross member or bumper armature 56. 
[0014] The front subframe assembly 44 is for attach- 
ment to a vehicle body 58, the body having a passenger 
compartment and carrying two vertical pillars 59. The 
pillars 59 are each supported just forward of the pas- 

40 senger compartment by a respective pair of triangulated 
supports 57 and a respective lower longitudinal member 
60. The pillars 59 each have a forward-facing attach- 
ment face 61 to receive the main longitudinal beams 45 
at the flange castings 13 and the lower longitudinal 

45 beams 45 at the rear flange 51 . The lower longitudinal 
beams 45 have mounting holes 62 for engine mountings 
to support an engine 63 which forms part of a powertrain 
assembly 64 which also includes a torque tube 65 at- 
tached to the rear of the engine by a bell housing 66 and 

50 a rear transmission and final drive assembly or transaxle 
67. The transaxle has a tubular rear subframe 68 at- 
tached to it and this has mounting points 69 for the rear 
of the body 58. The powertrain assembly 64 with the 
front and rear subframes 44, 68 thus forms a power train 

55 and chassis module 71 . 

[0015] The body 58 is assembled to the power train 
and chassis module 71 by lowering the body with the 
front face 61 of the vertical pillars 59 just rearward (e.g. 
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by 1 0mm) of the rear faces of the flanges 1 3 and 51 until 
the various fixing holes in the flanges align with those in 
the pillars. The body 58 is then moved forward to close 
the gap between the flanges and the pillars 59 and suit- 
able bolts or set screws inserted. 
[0016] The weight of the body 58 is supported at its 
front end by the joint assembly 1 1 such that a compres- 
sive load is taken through the webs of the flange casting 
13 onto the extrusion 12, thereby avoiding tensile load- 
ing. The rivets 41 are essentially for assembly purposes 
only, i.e. during curing of the adhesive. In the extreme 
loading case of a front-end collision the extrusion 12 is 
put under an extreme compression load. Nevertheless, 
the joint assembly 11 is able to support such loads be- 
cause these are reacted directly by the abutment of the 
extrusion end face 14 with the steps in the webs. 
[0017] While the extrusion 12 is of constant section 
throughout, this is not essential for the joint assembly 
11 except in the region where the extrusion joins the 
flange member 1 3. For example, other regions could be 
deformed locally or more generally, e.g. by hydroform- 
ing. Also, joint assemblies of this same type could be 
made using hollow sections made by other methods, e. 
g., drawn sections or fabricated sections. Also, other 
sections of extrusion and corresponding arrangements 
of webs could be used in such joint assemblies as is 
illustrated diagrammatically in Fig. 1 0 where a round hol- 
low section 112 is joined to a member having a curved 
web 136 inserted inside the section and a curved web 
133 fitting outside the section. It can be seen that the 
lower, inner, web 136 forms an inverted saddle, in much 
the same way as the webs 36, 37 and 38 also form an 
inverted saddle while the upper, outside, web 1 33 forms 
an inverted trough, in much the same way as the webs 
36, 37 and 38 also form an inverted trough. 


Claims 

1. A joint assembly (11) for adhesively joining two 
structural members; the first structural member (12; 
112) being in the form of an elongate hollow section 
and the second structural member (13) having lon- 
gitudinally extending webs (33, 34, 35, 36, 37, 38; 
133, 136) presenting joint faces (33A, 34A, 35A, 
36A, 37A, 38A) coated with an adhesive, the joint 
faces in use overlying and being adhesively bonded 
to corresponding joint areas (21 , 23, 24, 22, 25, 26) 
of the first member, wherein at least one (21, 23, 
24) of the joint areas is on the outside of the hollow 
section (12) and at least one other (22, 25, 26) of 
the joint areas is on the inside of the hollow section, 
the webs being arranged so that before bonding the 
first structural member (12; 112) can be moved lon- 
gitudinally relative to the second structural member 
(1 3) to bring the joint areas (21 , 23, 24, 22, 25, 26) 
and the joint faces (33A, 34A, 35A, 36A, 37A, 38A) 
into overlapping alignment with a substantial clear- 


ance therebetween and then moved transversely 
relative to the second structural member to bring the 
joint faces into adhesive contact with the joint areas. 

5 2. A joint assembly as claimed in claim 1 wherein a 
first said web (136) or arrangement of said webs 
(36, 37, 38) has joint faces (36A, 37A, 38A) for 
bonding to the inside of the section (12:11 2) and a 
second said web (1 33) or arrangement of said webs 

10 (33, 34, 35) has joint faces (33A, 34A, 35A) for 

bonding to the outside of the section. 

3. A joint assembly as claimed in claim 2 wherein the 
first web (1 36) or arrangement of webs (36, 37, 38) 

15 forms a saddle and the second web (133) or ar- 
rangement of webs (33, 34, 35) forms a trough. 

4. A joint assembly as claimed in claim 3 wherein the 
hollow section (12) is octagonal in cross-section, 

20 the saddle being formed by a bottom web (36) and 
two inclined lower side webs (37, 38) and the trough 
being formed by a top web (33) and two inclined 
upper side webs (34, 35). 

25 5. A joint assembly as claimed in claim 4 wherein a 
lateral web (39) extends between the upper ends of 
the two inclined lower side webs (37, 38) so that the 
lateral web (39), the lower side webs (37, 38) and 
the bottom web (36) form a box section. 

30 

6. A joint assembly as claimed in any of claims 3 to 5 
wherein the hollow section (12, 112) has a continu- 
ous end face (14) extending substantially perpen- 
dicular to a longitudinal axis of said section, the end 

35 face abutting the second structural member (13). 

7. A joint assembly as claimed in claim 6 wherein gaps 
are formed between the first said web (136) or ar- 
rangement of said webs (36, 37, 38) and the second 

40 said web (133) or arrangement of said webs (33, 
34, 35) such that the hollow section (12; 112) ex- 
tends into the gaps. 

8. A method of making a joint assembly (11) of two 
45 structural members, the first structural member (12; 

1 1 2) being in the form of an elongate hollow section 
and the second structural member (13) having lon- 
gitudinally extending webs (33, 34, 35, 36, 37, 38; 
133, 136) presenting joint faces (33A, 34A, 35A, 

50 36A, 37A, 38A) which in use overlie and are adhe- 
sively bonded to corresponding joint areas (21 , 23, 
24, 22, 25, 26) of the first member, wherein at least 
one (21 , 23, 24) of the joint areas is on the outside 
of the hollow section (12) and at least one other (22, 

55 25, 26) of the joint areas is on the inside of the hol- 
low section, the method comprising the steps of ap- 
plying an adhesive to the joint faces (33A, 34A, 35A, 
36A, 37A, 38A), moving the first structural member 
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(12, 112) longitudinally relative to the second struc- 
tural member (13) to bring the joint areas (21, 23, 
24, 22, 25, 26) and the joint faces (33A, 34A, 35A, 
36A, 37A, 38A) into overlapping alignment with a 
substantial clearance therebetween, then moving 5 
the first structural member (12, 112) transversely 
relative to the second structural member (13) to 
bring the joint faces into adhesive contact with the 
joint areas. 

10 

9. A method as claimed in claim 8 wherein a first said 
web (1 36) or arrangement of said webs (36, 37, 38) 
has joint faces (36A, 37A, 38A) for bonding to the 
inside of the section (12: 112) and a second said 
web (1 33) or arrangement of said webs (33, 34, 35) 15 
has joint faces (33A, 34A, 35A) for bonding to the 
outside of the section. 

10. A method as claimed in claim 9 wherein the first said 
web (1 36) or arrangement of said webs (36, 37, 38) 20 
forms a saddle and the second web (133) or ar- 
rangement of webs (33, 34, 35) forms a trough. 

1 1 . A method as claimed in claim 1 0 wherein the hollow 
section (12) is octagonal in cross-section, the sad- 25 
die being formed by a bottom web (36) and two in- 
clined lower side webs (37, 38) and the trough being 
formed by a top web (33) and two inclined upper 
side webs (34, 35). 

30 

12. A method as claimed in claim 11 wherein a lateral 
web (39) extends between the upper ends of the 
two inclined lower side webs (37, 38) so that the 
lateral web (39), the lower side webs (37, 38) and 

the bottom web (36) form a box section. 35 

13. A method as claimed in any of claims 10 to 12 
wherein the hollow section (12, 112) has a continu- 
ous end face (14) extending substantially perpen- 
dicular to a longitudinal axis of said section, the end 40 
face being brought into abutment with the second 
structural member (13) when the first structural 
member (1 2; 1 1 2) is moved longitudinally relative to 

the second structural member (13) to bring the joint 
areas (21, 23, 24, 22, 25, 26) and the joint faces 45 
(33A, 34A, 35A, 36A, 37A, 38A) into overlapping 
alignment. 

14. A method as claimed in claim 13 wherein gaps are 
formed between the first said web (1 36) or arrange- 50 
ment of said webs (36, 37, 38) and the second said 
web (1 33) or arrangement of said webs(33, 34, 35), 

the hollow section extending into the gaps when the 
first structural member (12, 112) is moved longitu- 
dinally relative to the second structural member (1 3) 55 
to bring the joint areas (21 , 23, 24, 22, 25, 26) and 
the joint faces (33A, 34A, 35A, 36A, 37A, 38A) into 
overlapping alignment. 
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